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PRESSURE RIDGE SAIL
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ABSTRACT

Sea ice pressure ridge sail heights and the dimensioms of ice bl ocks
that conprised the sails were. nmeasured for 30 ridges in April, 1980. The
ridges were located from 30 to 200 km of fshore in the Prudhoe Bay, Al aska
region. Sail height was found t0 be a function of the thickness of the ice
in the ridge. A reasonable relationship shows that height i S dependent on
the square root of block thickness, The data also verifies that the ratio
of sail height to ice block thickness is nuch larger for ridges conposed of
thin ice than for those conposed of thick ice. Ridge width and cross-
sectional area are also found to be related to block thickness. For the
largest blocks in the ridge, block surface area is related to thickness
squared, as weuld be expected from plates deflection theory. Examiration of
lateral variation of height and width al ong the ridge shows an expected
large variatiom, particularly with height. No geographic variations of
individual pressure ridge norphology were discernible fromthis data, how
ever alaser profile taken during the study period shows that the mean
hei ghts and numbers of ridges decrease as the distance fromthe ccast

increases,
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| NTRODUCTI ON

Sea ice ridges have warranted much attention from the engineering
comunity in recent years. This interest has resulted fromthe desire to
explore for and produce petroleum in nearshore Al askan and Canadi an waters.
The primary concerns here are the magnitudes of stresses that will be
exerted on fixed offshore structures by floating ice ridges and the pos-
sibility that grounding ridges may damage subsea pipelines or well heads.
Both of these issues are concerned with the actual strength of ridges. In
addition, the existence of ridges poses severe hazards to navigation in
these regions.

From a scientific viewpoint, the overall rheology of sea ice is depen-
dent upon the amount of deformed ice present. Highly deforned ice has
greater strength than undeformed ice, and thus is less susceptible to fur-
ther deformation. This, in turn, affects the amount of open water and
young ice present, which significantly affects the balance of air-sea
i nteractions.

Previcus studies (Weeks et al., 1980, Wadhams, 1976, TUCKer e¢ ai,,
1979, Hibler et al., 1974) have statistically characterized the nunbers and
hei ghts of ridges in the Al askan and Canadi an nearshore areas by using
laser profiles of sea ice. Other studies (Kovacs et al., 1973, Kovaes and
Mellor, 1974, \Weeks and Kovacs, 1970) have addressed the geonetry and
structure of first-year and multi-year ridges. In these reports on ridge
structure, however, little mention is nmade of the ice block Sizes that com
prise the ridge. ‘This is somewhat Surprising, because ridges are piles of
ice blocks, and the block size distribution is a factor which undoubtedly

affects the overall strength of the ridge.



It is also of general interest to know what thicknesses of ice deform
‘ to create ridges. That is, are ridges created only by deformng new ice in

| eads and cracks or are stresses sufficiently large to cause deformation of
ol der and thicker ice?

Ridges are created by ice deformng under conpression, shear or sone
conbi nation of the two. In the Beaufort Sea, pressure ridges (those forned
under conpression) appear to be the predom nant type, especially seaward of
t he nearshore shear zone. During formation of a free floating pressure
ridge, ice blocks are piled above and bel ow an adjacent ice sheet. The
hei ght of the ridge depends on the strength of this host ice sheet, which
is loaded with ice blocks until ‘bending stresses exceed its strength
(Parmerter and Coon, 1972). Wen the failure occurs the ridge begins to
build laterally rather than vertically, and the bl ocks broken fromthe
parent sheet are incorporated into the ridge. Because critical bending
stress depends on ice sheet thickness, we would expect to find a relation-
ship between ridge height and the thickness of deformed ice, assuming suf-
ficient ridge building forces are available. In a one-dinensional nodeling
study, Parnerter and Coon (1972) found that ridge sail and keel heights
were dependent on ice sheet thickness and on strength, where these were
treated as independent paranmeters.

This paper reports on the results of a field study that was under-
taken specifically to examne the size and thickness of the ice blocks
incorporated into pressure ridges. The primary purposes of the investi-

gation were 1) to ascertain what thicknesses of ice were being ridged in

the nearshore region and 2) to establish whether a relationship exists be-

tween ridge hei ght and ice block thickness. iIn addition, several other



types of information concerning block sizes, ridge slope angles, ridge
"width and lateral variation of height and width were collected and are
reported on here. We examined only free floating, first-year ridges, as
the heights of grounded ridges are determned by different mechanisns
(Kovacs and Sodhi, 1980). Wiile we attenpted to confine the investi-
gation to ridges formed by conpressive forces, “evidence of shearing was

noted ia several instances.

FI ELD STUDY

The field programtook place during the first and second weeks of
April, 1980. Ridges were sanpled fromfive sites |ocated offshore near
Prudhoe Bay, Alaska. Figure 1 shows the location of the sites which were
at 33 ku intervals fromCross Island along a line running N24°E. This
schene was chosen to assess possible variation with distance from the
coast, and because l|aser profile data over several years existed for this
sane line. Each sanpling site was approximtely 3 xm square.

Six ridges were sanpled fromeach site. A1 mheight restriction
del eted snow drifts and single overthrust blecks from the survey. Ridges
were selected by helicopter with an attenpt to be randomw th respect to
ridge size and orientation. only “single” ridges were selected. Rubble
fields and clustered parallel ridges were omtted. This restriction made
ridge sel ection somewhat difficult at site 1, which was located within the
shear zone which is characterized by rubble fields and nultiple ridges.

These features gave way to single ridges as distance from the shore

increased. This contrast is enphasized ia Figure 2 which shows aerial

phonographs of small areas within Sites 1 and 5.



Several measurements were made on the ice after a ridge was sel ected.

“ Initially, the highest point along the ridge wthin easy wal king dis-
tance (< 0.5 km) was |located. At this location an angle and distance from
the base of the ridge to the peak were recorded for both sides of the
ridge. The base of the ridge was considered to be at sea |evel as evidence
of flooding and refreezing was frequently noted. Measurenents were correc-
ted for snow cover when necessary. At locations 15 m to the left and right
of the high point, the set of neasurements was repeated. The total set of
measurements provided the height, slope and width for three points along
the ridge. In addition to the ridge geonetry, the sizes of the |argest
blocks (largest referring to upper surface area) in the ridge were measured
along the 30 msection. The ice thickness and the surface dinensions were
recorded for at |east six blocks on each ridge. \Were the bl ocks were
piled in a nmanner that made them accessible, nore were neasured.

Several environnental factors noted in the field program may have
influenced the results of this study. One is that there was an unusually
| ar ge amount of Snow cover on the ice (Xovacs, personal communication).
As a result, the neasurenent of block sizes was extrenely difficult be-
cause of deep snow drifts, except where recent ridging had occurred.
Because of the necessity to collect block-size information, the majority of
the ridges sanpled were the result of recent reformational events (probably
within the preceding nonth).

Anot her possible influence is that a deliberate effort was necessary
to | ocate ridges containing block thicknesses of less than 1 m. This

occurrence partially renoves the randommess from the ridge selection

process. while our results show approximately 50% of the ridge samples



had ice block thicknesses less than 1 m these were definitely a mnority

* of the ridges existing at this time. This is likely due to the fact that
very little open water, and thus thin ice, had been available for ridging
within the nonth preceding the study.

The final abnornmal factor noted was that no multi-year ice was ob-
served along the study line. This seemed highly unusual because in other
years, a substantial anmount of nulti-year ice has been observed within a
few kilometers of Cross Island (Tucker et al., 1980), however,Kovacs (per
sonal communication) reports that no nulti-year ice has existed close to
shore in this area for the past three winters. The presence or lack of
mul ti-year ice may possibly affect the norphol ogical characteristics of

ridges in a certain area.

RESULTS AND DI SCUSSI ON

Ridge Hei ght vs. Bl ock Thickness

The three height neasurements made aleng each ridge were conbined to
forma “nean’” ridge height. Because the highest |ocal point was included
in the measurenents, this value is probably biased nigh. However, w thout
a height measurenent at l|east every meter for the entire length of the
ridge, determ nation of the average height of the ridge becomes subjec-
tive. We felt that our measurement technique would provide a consistent
method of determining the relative size of the ridge. Block thicknesses
were al so averaged to provide a nmean bl ock thickness for each ridge. An

interesting but expected discovery was that not all ridges were conposed of

a single thickness of ice. Figure 3 shows blocks of different thicknesses

in 2 single ridge. ©0f the 30 ridges sanpled, four contained two distinct
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block thickness categories, four contained three distinct ice thicknesses,
and the remainder were conposed of one general thickness. This finding
probably inplies that thinner ice in refrozen |eads was piling on a thicker
parent sheet. In these cases we should be conparing our ridge heights to
the thickest ice in the ridge for conparison to the results of Parnerter
and Coon (1972). Because the mgjority of the ridges contained only one
predoni nant thickness, and because we believe that these ridges had not
reached their limting heights (discussed lacer), we shall use the nean
bl ock thickness for the presentation of nost of the results. The |argest
variation observed in a single ridge were block thicknesses ranging from
0.7 mto 2.13 m

Figure 4 shows the nean ridge height plotted against block thickness
for the 30 ridges. Several interesting features are inmediately apparent
in Figure 4. First, nearly 50 percent of the ridges neasured were conposed
of ice in excess of I mthick. Aso, as mentioned earlier, we experienced
difficulty in locating those few ridges that were conposed of thinner
ice. This finding seens to be in contrast with earlier ideas that the
majority of ridges will be conposed of ice less than 1 mthick (Kovacs
and Mellor, 1974). Itasodiffers with observations nade by a party
on a trans-Arctic surface crossing (Herbert, 1970) who found that 84 per-
cent of the ridges measured had slab thicknesses less than 1 min the
Eastern Arctic. Our observation may be anomalous with respect to time or
| ocation, however. Since the excessive snow cover limted our sanpling to

recently formed ridges, a lack of thin ice during this tine period would

have forced thicker ice to be ridged



\Another obvious feature of Figure 4 is the lack of ridges containing
t hi cknesses between 0.5 and 0.8 m This is probably due to a conbination
of events including snow cover concealing ridges of this thickness, Iack
of recent ridging activity and coincidence.

Probably the nost interesting aspect of Figure 4 is the relationship
between the ridge height and block thickness. It is obvious that the cor-
relation is not high, but a large anount of scatter is sonewhat expected if
one considers that ridge building forces vary between different ridging
events. Ridge height is certain to depend on the force available and its
active duration as well as the strength and thickness of ice. If the
available force or duration is jess iN sone cases than others, th height
would be expected to fall short of the limting maxi num hei ght

A reasonable fit to the data in Figure 4 as shown is

h=3.60 t/2 (w (0

where h is ridge height (m) and t is ice block thickness (m. Wiile a
linear or exponential curve may fit the data better in a statistical sense,
the square root law seens nore appropriate because it allows height t0 Qo
to zero with thickness. This approach is consistent with a ridge redistri-
bution function proposed by Hibler (1980) as part of a variable thickness
sea ice model. The square root relationship can be derived with simple
geonetrical arguments by making several assunptions. This derivation is
carried out in the Appendix.

The ridge heights predicted by Parnerter and Coon (1973) using frac-
turing strengths (oc) of 2.010° ¥o~2 and 3.5 .10°Ma~2 are also

shown in Figure 4. Their predicted heights for the two strengths aearly



envel ope our observed heights. This is a very encouraging result Which
gives credence to the Parnerter and Coon model. A relevant point however,
is that the predicted ridge heights are of limiting hei ghts for various
parent sheet thicknesses and should represent the maxi mum heights
attainable. For this case, a better conparison to the Parnerter and Coon
model IS to plot the observed ridge heights against the maxi mum bl ock

t hi ckness found in each ridge, which should represent the thickness of the
parent sheet as nentioned earlier. Figure 5 shows this, and as expected,
several nore heights fall below the high strength limting height
prediction. A square root relationship works reasonably well here also
but we choose to restrict regression fits to nean block thicknesses for
reasons nentioned earlier and because the geonetrical argunents which help
justify the square root law (Appendix) are not concerned with the parent
sheet thickness.

That several observed heights are larger than the Parmerter and Coon
predicted values may indicate a high bias in our observations due to the
use of the highest local point for one of the three height neasurenents.
Conparison of the nean heights from each site to those derived from | aser
profiles in the same area shows our ridge neasurenents to be 1.7 m higher
on the average. Relative to the laser profiles, our sampling was certainly
bi ased towards higher ridges. However, the mean ridge height derived from
| aser profiles is very sensitive to the [ow height cutoff (1.0 m because
there are so many small ridges. Thus our heights in this study may be high
by l'aser height standards, but they are not anomalously high. 1In any case
it appears that only @ mnor increase in the fracturing strength in the
model or a better technique for representing the mean hei ght of a ridge

woul d make the predictions and observations even nmore conpatible.



Parnerter and Coon (1972) found another interesting nodel result in
‘ that the ratio of ridge height to ice thickness was nuch larger for thin
ice. Tnis is also apparent in our observations and can be deduced from
Figure 4. Figure 6 shows this result nuch nore clearly, however, where
ridge heights are normalized by mean block thickness. Here ratios of 6 to
15 are evident for 0.2 to 0.3 mice while ratios of only 2 to 5 exist for
ice in excess of 1.0 m Qur best enpirical fit to this data using a square

root relationship as found previously is

ht = 4.23/:Y2, 2)

This curve is also shown in Figure 6, along With the Parmerter and Coon
(1973) nodel predictions for the two fracturing strengths. As expected,
their predicted values for the highest strength case match our observations
quite well, The use of maximum bl ock thickness causes nore points to fall
bel ow the high strength prediction but is not shown here.

R dge wWidth, Slove and Area

The width of the ridge base can also be shown to e proportional to
the square root of ice thickness if we use the same sinple geonetrical
assunptions as presented in the Appendix. The energetic approach however,
says that the ridge should begin to build laterally once the limting

height is reached. If the linmting height is reached in nmost ridges, no

rel ationship between ridge width and ice thickness should be apparent.

The ratios of width to block thickness versus bl ock thickness are

shown in Figure 7. (Qbviously, there is reasonable correlation between

witch and thickness. The data denpnstrate that, simlar to height, the



* widtk can be many nore times the thickness of thin ice than for thicker
,ice. Once again, a reasonable fit to the data is obtained using a square

root lawin the formof:

Wt = 17.05/tY2 (3)

where w is the width of the ridge base (n.

That width is so obviously related to thickness |leads to the conclu-
sion that the ridges sanpled in this study had not reached their limting
hei ghts, and thus had not begun to build laterally. This is sonewhat veri-
fied by the fact that we selected only “single” ridges for this investiga-
tion. This inherently limts the possibility of having ridges which had
reached their linmting heights. Free floating multiple ridges and rubble
fields are exanples where lateral building has definitely taken place.
These features should be investigated if limting heights alone are of
I nterest.

Qur neasurenents showed the nean ridge slope angle to be 26.11°. The
maxi mum and m ni num angles were 51.34° and 8.77° respectively. These
angles conpare well wth Xovacs (1972) who reported that first-year ridge
slope angles vary beteen 10° and 55" with a mean of 24° and with Wight et
al. (1978) who reports a nmean slope angle of 25°. Figure 8 shows the
hei ght versus width for the 30 ridges along with the 26.11° slope angle
line. Here it is apparent that the scatter of slope angles is relatively
small. This lends support to the constant slope angle assunption used to

derive the square root relation in the Appendi x.  Further investigations
proved that slope was independent of block thickness.
Because ‘both ridge height and width correlate reasonably- well with

thickness, it follows that simlar behavior may be expected of cross-
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sectional area. Figure 9 shows cross-sectional area versus block thickness.
" The relationship here is not as apparent as with height or width, par-
ticularly with the larger thicknesses. From equation (A-3), we would also
expect a linear relationship to exist. The best fit line passing through
the origin is:
A= 29.76t (m?) (4)

which is also shown in Figure 9.

That the data points are not tightly grouped m ght be anticipated.
First, cross-sectional area is dependent on two variables (height and
wi dth) which are at best only partially dependent on thickness., In addi-
tion, as a ridge is a more or |less chaotic arrangenent of blocks which is
roughly triangular in cross section, area may be a highly variable quan-
tity. Combining these reasons with the previously nentioned concern over
variable ridge building forces |eaves little doubt that a large scatter of
the data is to be expected.
Block Area

Measurenents which enabl ed the cal culation of the top surface area of
the blocks were also made during the field study. This quantity sinply
expresses the size of the block wthout involving the thickness dinmension.
In general, our measurenents included the largest of the blocks in the
ridge. Because pressure ridges consist of blocks ranging from some
limting size down to very small pieces, variation anong ridges will be
with the larger bl ocks.

The block areas were conbined to forma mean for each ridge and are
shown as a function of thickness in Figure 10. The best enpirical fit to

this data is



1,86t

a= 0.67 e ( m) (5)

where a is the block area (m%). Because critical bending nonent is re-

| ated to the thickness squared for sinple beam theory {(Parmerter and Coon,

1973), we mght expect that cross-sectional area would also be related to

t hi ckness squared. The best fit to thickness squared is

a = 4.48 t’ @?) (6)

and is al so shown on Figure 10, This relation does not fit the data as
wel | as the exponential given in equation (5), particularly for the |ower

t hi ckness categories perhaps because different mechanisms or ice properties
govern failure at small thicknesses. The exponential fit is purely enpiri-
cal, and it does not allow the block area to approach zero with the thick-

ness. Either curve seenms adequate for thickness greater than 0.6 m.

Lateral Variation of Height and Wdth

W are able to examine linted aspects of the lateral variation of

hei ght and width insofar as our three neasurenments per ridge permt. These
results may be of interest to users of spot renote sensors such as |aser
profilometers and to those using statistical ridge models for off-shore
structure design purposes. Hibler and Ackley (1975) previously reported on
the lateral variation of height using shadow | engths to provide heights
every 5 m They found an average variance of 0.46 m2 for eight ridges,
each approximately 1 kmin length. W found an average variance of 0.48 nf
over the 15 minterval conmbining all neasurements. The simlarity between
these independent results indicates that height variation is indifferent to

sampling i ntervals between 5 and 15 m.
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Perhaps even nore neaningful results are shown in Table 1. Here we
<have “given the mean and naxi mum variations of height and w dth referenced
to the center values of each ridge.

Hei ght variation seens particularly high. It is even nore inpressive
when one considers that average ridge heights given by laser profiles are
between 1.2 and 1.8 m (Tucker et al., 1979). These large variati ons over
relatively short distances enphasize the fact that ridges are highly vari-
able piles. of blocks. They also inply that a single cross-section measure-
ment to represent an entire ridge should be treated with caution. In fur-
ther exam nations, we found no substantial relationship between bl ock
thickness or area and percent lateral variation, although, in general, the
| argest variations occurred on the largest ridges (which are inherently
conposed of the largest blocks).

CGeographic Variations

Were feasible, figures have had data points plotted by sanpling
site. The only geographically related feature seens to be that the three
| argest ridges were located in site 1. Because the sanpling scheme was
subj ective and because only a linmted nunber of ridges were measured, this
finding is probably coincidence. For these sane reasons, recognition of
other characteristics related to geographic location is rather specul a-
tive.

Figure 2, which shows the aerial photographs of sites 1 and S, makes
it clear that many nore ridges exist closer to shore. This is verified in

Figure 11 where laser profile ridge height and density counts taken during

the time of our field study are shown. Al so shown are data from previous

years for this sameCrossIslandline(N24°E). 4 general decrease in the
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number of ridges and in the mean ridge height as distance from shore
increases is indicated. This decrease in mean height is apparent for both
the March 1978 and April 1980 laser runs and is contrary to previous
findings by Tucker et al. (1979) that mean height remained essentially con-
stant with distance from shore

In general then, our investigation found no obvious norphol ogical dif-
ferences related to ice thickness or bl ock size that could be attributed to
geographic location. If such variations exist, a nore objective sanpling
scheme woul d be necessary to resolve them O ngjor importance would be
the requirement to sanple nore ridges fromeach site

General ridging characteristics do vary with distance from shore as
evidenced fromthe |aser profiles. The prevalence of many nore shear type
ri dges near shore also has been reported previously (Xovacs and Mellor,
1974, Tucker et al., 1980) and can be deduced from Figure 2. As nentioned
previously this investigation concentrated only on pressure ridges. We do
not know whether the presence of nulti-year ice in the nearshore area would
creat e discernable norphol ogical differences in these pressure ridges.

CONCLUSI ONS

The followi ng conclusions concerning the structure of first-year pres-
sure ridge sails are suggested by this study of ridge morphology in the
near shore region.

1. Ice in excess of 1 min thickness comonly deforms to form pres-
sure ridges. The degree to which this occurs depends on the ampunt of thin

ice available (as this will deformfirst) and the ridge building force

2. Ridges are occasionally conmposed of two or three distinct ice

t hi cknesses which may vary by nore than 1.0 m

14



3. This study supports the results of Parmerter and Coon (1972) who
found through nodeling studies that sail height is partially dependent on
the thickness of ice being ridged. |In general, sail heights appear to
scale with the square root of ice thickness. Ridges of thin ice can be
many tines as high as the thickness of the ice that is ridged while those
conposed of thicker ice (> 1 m are only 3-5 tinmes the thickness.

4. Ridge width is also partially dependent on the thickness of ice
being deformed. Wdth is also a function of the square root of ice thick-
ness provided ridges have not begun to grow laterally after the limting
hei ght has been reached.

5. Cross-sectional area is a linear function of ice thickness, but
the relationship is not as apparent as with width or height.

6. Ridge slope is independent of block size and thickness. Sl ope
angles vary from8 to 52° with a mean angle of 26°.

7. Maxi mum block area (topside surface area) is dependent on block
t hi ckness.

8. ntaining a representative ridge profile with one cross section
is a recognized problem This is enphasized by our lateral variation
findings in which the mean variation over 15 mwas 28% for height and
14% for width.

9. Mrphological differences related to block size attributed to
di stance fromshore were not discernible in this study. Mre and higher
ridges occurred closer to the coast and more shear type ridges were

evi dent near shore.
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APPENDI X
RI DGE HEl GAT GEOMETRY MODEL
Hibler (1980) proposed a naximum height for a ridge redistribution

function which scales with the square root of the thickness of ice being
ridged. By mmking several assunptions ridge heights can be shown
geonetrically to be functions of the square root of ice thickness.
Consi der that the statistical distribution of lead widths is independent of
the ice thicknesses in the |eads. Then assune that equal width |eads
containing different ice thicknesses undergo ridging. Al so assume that
sl ope angles, top and bottom are simlar for all ridges and that the
ridges are floating freely in isostatic equilibrium

The cross-sectional area A of the sail of each ridge is given by

2
n (@2 (A1)

Ay = tan®

where @ is the topside slepe angle. 1f the slope angles are equal for the

ri dges then

A, " oh (m (A-2)

where g is the constantl——.
tan@

If the voids in the ridges are neglected, the cross-sectional area of
each ridge (top and bottomside) can al so be expressed as
A=W () (A3)
where Wis the original width of the ice that deforned
Since the topside area will be sone fixed fractional anount (k) of the

total ridge cross-sectional area,

17



A = ka @) (A-4)

then from (A-3)
2
ah” = kW (o) (A-5)

and, as assuned earlier, if the widths of the original |eads are equal,

1/2

h = kt (m ( A6)

after conbining constants.

This sinplistic geonetrical approach nakes several assunptions which
are not quite valid. The lack of voids can be accounted for by sinply
assumng a fixed proportion of ridge volune to be void space and including
another constant to account for this. Slope angles nmeasured in this study
and others (Kovacs 1972, Wight et al. 1978) vary, but seemto be fairly
tightly grouped around 25-26°. The nost invalid assunption in this
geonetrical argument is that of equal w dth | eads that deform to beconme
ridges. W feel, however, that lead widths, as with ridge heights and
slope angles, nust have a statistical distribution which is independent of
ice thickness in the leads. If this is true, there will be a predoninant
range of |ead widths that undergo ridging, and hopefully that range is
small enough to be included in a constant as done above. W also know t hat
ridge heights will depend on the overall stresses and strength of the ice
which is only partially related to thickness. 1a spite of the large

possibility that our assunptions are invalid, this intuitive geometrica

model appears to fit the data quite well as shown in Figure 4.

18



Table 1. Lateral Variation of Height and Wdth
Over 15 m Horizontal D stance.

Mean Mean Maxi mum Maxi num
Variation (m) % Variation Variation (m) Variation %

54,

Hei ght 1.04 28. 2 3.2 2
7.5 31. 4

Wdth 2.02 14.2
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Figure 1

Figure 2.

Figure 3.

Figure 4.

Figure 5.

Figure 6.

Figure 7.

Figure 8.

FI GURE CAPTI ONS

Ri dge sanmpling locations. Each site was approxi mately
3 km square.

Aerial photographs of typical ice conditions near site 1
(top) and site 5 (botton.

Ri dge containing two distinct ice thicknesses. Foreground
bl ock (being measured) is approximately 0.4 mthick while
background block is greater than 1.0 m

Ri dge height versus nean block thickness. Best fit square root
curve and Parmerter and Coon (1973) predictions are al so shown.

Ri dge hei ght versus maxi num bl ock thickness along with the
Parnerter and Coon (1973) predicted ridge heights.

Ratio of ridge height to nmean block thickness versus nean bl ock
thickness. Best fit square root curve and Parnerter and Coon
(1973) predictions are also shown.

Ratio of ridge width to nean block thickness versus nean bl ock
thickness. Best fit square root curve is also shown.

Ri dge height versus ridge width along with the nean slope
angle line of 26.11°.

Figure 9. Ridge cross-sectional area versus block thickness along with

Figure 10,

the best fit line passing through the origin.

Block area versus mean block thickness. The best fit
exponential and square root curves are also shown.

Figure 11. Mean ridge height (top) and number of ridges {botton per

20 kn interval for April, 1976, March, 1978 and April, 1980.
Values are plotted at the center of the 20 ku interval.
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Figure 3. Ridge containing two distinct ice thicknesses. Foreqground
bl ock (being measured) is approximately .4 mthick while
background block is greater than 1.0 m.
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